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It seems probable that more accurate data for this purpose could be 
obtained by repeating the experiment, using, instead of water in the pipe, a 
liquid of, say, five times the density of water. Then, according to the laws 
of dynamical similarity, the viscosity effect should show itself over a range of 
velocities for which accurate results could be obtained. 

In conclusion, I should like to express my hearty thanks to Mr. G. I. 
Taylor, F.E.S., at whose suggestion the experiment was undertaken, and to 
whom I am indebted for much valuable help and advice during the course of 
the work. 
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Introduction, 

This communication undertakes an investigation of the complex problem 
which is presented by the effects of mechanical stress upon the susceptibility, 
retentivity and other properties of magnetic substances. The present experi- 
ments are confined to compressive stress, and its effects upon the suscepti- 
bility of certain rock specimens. It was felt that an investigation into this 
part of the subject might possibly throw some light upon the susceptibility 
of the earth's crust as affected by the enormous forces with which it has to 
contend, and their variations. It is unfortunate that, owing to the nature of 
rock specimens, the compressive stress has been limited to about 1200 kgrm. 
per square centimetre, but, nevertheless, some interesting results have been 
obtained, and these are recorded in the present paper. 

All the specimens are in the form of short bars about 4 cm. in length, 
whose cross-section is either square, being 1 cm. across each side, or 1 cm. in 
diameter ; and, throughout the work, the compressive stress has been 
applied in the direction coinciding with the length of the bar. The 
susceptibility has been measured {a) in the direction of the stress and 
(h) at right angles thereto. 
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Susceptibility Measured in the Direction of Stress, 

The apparatus consisted of a horizontal wrought iron lever pivoted at one 
end ; the effective length of the lever was 90 em. The specimen to be 
tested was placed vertically in line with two stalloy plungers, whose cross- 
section was square and measured 1 cm. across each side. The horizontal 
distance between the centre line of the specimen and the fulcrum was 5 cm., 
and the compressive force acting on the specimen, due to a weight hung 
from the end of the lever, was therefore increased 18 fold. In the calcula- 
tions due allowance was made for the weight of the lever itself. 

A stalloy yoke was used to magnetise the specimen, and consisted of 
nine stampings of ring-form; the thickness of each was 0*32 cm., the 
internal diameter was 7*62 cm., and the external diameter was 12*7 cm. 
Each stamping had an air-space 2 cm. wide, with its sides parallel to a 
diameter, and the plane of the stampings was at right angles to the lever. 
The three central stampings, with two additional thin ones to make up the 
required thickness of 1 cm., were cut in a direction at right angles to the 
parallel sides of the gap, to accommodate the plungers and test-piece. In 
order that the magnetic circuit should not be disturbed any more than 
possible, the plungers were screwed on to gunmetal pieces fixed respectively 
to the lever and base of the apparatus. By this method it was possible to 
vary the longitudinal compressive force, and to magnetise the specimen to 
varying degrees by the passage of an electric current through the mag- 
netising coil wound on the yoke. This coil consisted of four layers of copper 
wire 0'061 cm. in diameter (ISTo. 23 S.W.G.), doably insulated with cotton. 
The turns per layer were, from innermost to outermost, 131, 128, 118, 112, 
giving a total of 489, and experiment showed that the magnetising force H in 
the gap per ampere of magnetising current was very closely 352 C.G.S. units. 

A secondary circuit consisting of 120 turns of fine silk-covered copper wire 
of resistance 4 ohms, was wound on a square cardboard former which allowed 
of the insertion of the test-piece, and allowance was made for the non- 
magnetic space occupied by the former. This coil was connected to a 
ballistic galvanometer, and a resistance box was included in the circuit. 
Deflections were observed on reversal of the current in the magnetising coil: 
firstly, when the test-piece was in position ; and, secondly, when the test-piece 
was replaced by a wooden core of the same dimensions. Allowing for the 
alteration in resistance, when necessary, the permeability //, has been taken 
to be the ratio of the deflections. The volume-susceptibility K^ was then 
calculated from the formula yu, = 1 -f- 47rKi,. 

Preliminary tests were made with a brass test-piece to discover if com- 
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pressive forces, equal to the maximum forces used in the experiments, had 
any effect upon the deflections. It was found that, on reversal of the same 
magnetising current, the ballistic deflections were uninfluenced by the 
application of the compressive stress. 



Longitudinal Susceptihility, 

The specimens of magnetite chosen for these experiments exhibit widely 
different characteristics, and the variations in their normal magnetic properties, 
as exhibited by crystallised, compact, or massive specimens and detached 
particles, have been already studied.* 

New York State : Density 4'86. — This variety of magnetite is very uniform, 
hard and compact, with no indication of cleavage planes. It has a bright, 
irregular fracture, with many glistening points. It is characterised by a high 
maximum susceptibility (1*64), which occurs at a relatively small value of the 
magnetic force (30'6), and in these respects comes next to the magnetite 
(Traversella) crystal. It has a small coercive force (16*8), and its permanent 
magnetisation is small. A specimen of this magnetite has been subjected to 
longitudinal compressive stress up to 1250 kgrm. per square centimetre, and 
the curves given in fig. 1 show the variation in volume susceptibility. Each 
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Fig. 1. 

* *Proc. Phys. Soc.,' vol. 31, Part V, August 15, p. 299 (1919). 
VOL. CI. — A. 2 G 
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curve corresponds to a given magnetic force H which is indicated in the 
diagram. The diminution in susceptibility, due to the increase in compressive 
stress, is very marked, its value under a magnetic force ranging from. 6*76 to 
30*6 C.G.S. units being halved in magnitude when the compressive stress was 
equal to 1250 kgrm. per square centimetre. It is noticeable that the 
gradient is less when a magnetic force of 203 is employed. On removal of 
the compressive force, the susceptibility returned to its initial value. The 
experiments do not show what would be the effect of further increase of the 
compressive force as the specimen was crushed on the application of 
1540 kgrm. per square centimetre. 

Hey Toi\ Devon : Density 4*30. — This variety exhibits a great irregularity 
in the distribution of magnetite, and consists of minute crystals mixed with 
earthy material. The fracture has some sparkling points due to the small 
crystals, but otherwise it is dull and earthy. Its maximum susceptibility 
(0*90) is relatively high, coming next to the New York specimen, and it 
occurs at a higher value of the magnetic force (33*8). The curves in fig. 2 
for forces in the neighbourhood of those at which maximum susceptibility 
occurs, indicate a considerable diminution in susceptibility, as the compressive 
stress is increased up to about 500 kgrm. per square centimetre. Under a 
force H = 16*9, the susceptibility was, in fact, reduced 35 per cent., and from 
the trend of the curve, the reduction might have been greater than in the 
New York specimen for the same ultimate pressure. The application of 
675 kgrm. per square centimetre unfortunately crushed the specimen. When 
the magnetic force is either small (6*76) or large (338) the variation of 
susceptibility with pressure is reduced, but it is still considerable at the lower 

force. 

Penryn, Cormvall: Density 4*59. — This variety of magnetite is hard and 
strong, with dull fracture. It contains small inclusions of a red-brown softer 
substance, which were found to be mainly ferric oxide and ferrous carbonate, 
but otherwise compact. Its maximum susceptibility (0'51) occurs at a high 
value of the magnetic force (338) and is not very pronounced. It will be 
seen on inspecting fig. 1 that a compressive longitudinal force of 1000 kgrm. 
per square centimetre has had little effect upon "susceptibility when the 
magnetic force H varied from 68 to 338 O.G.S. units. 

The method of test does not allow of an accurate determination of suscepti- 
bility at various temperatures, but in order to obtain some idea as to the effect 
of heating, a coil of platinum wire 0*05 cm. diameter, after being insulated with 
asbestos paper, was wound around the specimen. It served as a heating coil, 
and also as a secondary coil for use with the ballistic galvanometer. A 
platino-iridium junction placed close to the specimen indicated the surface 
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temperature during a test made with variation of the compressive force. With 
a pressure of 961 kgrm. per square centimetre, and a magnetic force H = 338 
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constantly applied, the magnetic induction B was halved in value as the 
indicated temperature increased from about 100° 0. to 450° C. In the case 
of the New York specimen a similar heating test was carried out, and with a 
compressive stress equal to 1250 kgrm. per square centimetre the susceptibility 
was found to fall with increasing temperature when the magnetic force had 
the value 203, whereas it increased when the magnetic force had the 
value 30*6. This is in agreement with what happens in the case of iron. 
The maximum recorded temperature was about 350° 0. in this case. 

Arkansas : Density 4*74 — This kind of magnetite consists of a hard compact 
material with irregular cleavage planes, and almost vitreous fracture in some 
directions, whilst in others it exhibited a silky lustre. It has a well 
pronounced maximum susceptibility (0*41), which occurs at a force H of 

^ Q Jj 
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about 300 C.G.S. units. It will be seen from the curves in fig. 2 that the 
gradient in the susceptibility, when plotted in terms of the compressive force, 
was small, though not so small as in the case of the last variety, in which the 
maximum susceptibility was not so pronounced. As this magnetite has a high 
coercive force and great retentivity, experiments were made to discover what 
effect compressive stress might have upon these quantities. At about 
900 kgrm. per square centimetre the coercive force was 138 C.G.S. units, 
whereas it was 154 with no pressure. Similarly the retained magnetic 
induction was reduced from 1150 to 823 C.G.S. units on application of the 
above pressure. The maximum value of the magnetic force in this test was 
507 C.G.S. units. 

South Manchuria : Density 3*40.— This variety is essentially a schist with 
slaty cleavage, and has the lowest susceptibility (0*16) of any rock which can 
be termed a magnetite. The specimen broke down along a cleavage plane 
which was parallel to its length and to the direction of the stress when the 
kilogrammes per square centimetre exceeded about 900. The curves in fig. 2 
show that compressive stress up to about 900 kgrm. per square centimetre has 
little or no effect upon susceptibility at magnetic forces ranging from 1 00 to 
500 C.G.S. units. 

Magnetite Calcite : Density 3*40.- — This rook cannot strictly be classed as a 
true magnetite. It consists of very small crystals or crystalline grains of 
magnetite in a matrix of calcite. The maximum susceptibility of the tested. 
specimen has the value 0*23 when the magnetic force is about 100, and as 
shown by the curves in fig. 1 there is a small diminution due to the 
application of compressive stress, which had to be limited to about 700 kgrm. 
per square centimetre. The specimen began to crush on the application of 
greater pressure. 

Altered Oarhonate (Bettwjs Garmon).— By its appearance this rock might 
be mistaken for a magnetite, but it cannot be classed as such. The compres- 
sive stress was increased by stages to 887 kgrm. per square centimetre, and 
the susceptibility was reduced from 0*0876 to 0*0796, the magnetic force H 
being 304. The susceptibility at any of the applied pressures was slightly 
greater in the neighbourhood of H = 300 to 400 than at higher or lower 
forces. 

Susceptibility measured at Bight Angles to the Direction of Stress. 

The method of observing the effect upon susceptibility of compression at 
right angles to the applied magnetic field is strictly limited in its higher 
range to values of the susceptibility of about 0*1, on account of the 
demagnetising effect due to the specimen. It involves the measurement of 
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the force of attraction exerted by the specimen upon a permanent hard steel 
magnet suspended from one end of the beam of a special form of balance.* 
The compressive stress was produced by a lever arrangement substantially as 
described, except that gun-metal was employed throughout.. The specimens 
were approximately circular in section and 1 cm, in diameter* The results of 
the tests which were of a somewhat qualitative nature are summarised in the 
subjoined Table : — - 



Mineral. 



Volume - 

susceptibility 

(normal). 



Maximum. 

eompres- 

siTe stress. 



Magnetic 

force 

during 

test. 



Eemarks on 

susceptibility 

Tariation. 



Magnetite (ISTe w York State) 

Magnetite (Penryn) *.... 

Pisolitic iron ore tracesf (Dolgelly) 

Dolerites — *f 
{a) Wbitwick, Leicestershire 



(5) Owtborpe, JSTottinghamsMre... 

{c) Southwell, Nottinghamshire... 

Grranite*t (Mount Sorrel, Leicester- 
shire) 



» 



1 '64 (max.). 

0-51 

0-014 

0-004 
-0047 
-0021 
0-0018 



£grm. per 

sq. cm. 

263 


12 


250 


12 


348 


16 


286 


51 


390 


51 


218 


16 


250 


51 



No alteration 

obserTed. 
No alteration 

observed. 
About 8 per cent. 

increase. 

About 10 per cent. 

increase. 
Very small increase. 

Very small increase. 

No alteration 
observed. 



* 'Phil. Trans.,' A, vol. 219 (Appendix) (1919). 
t ' Koy. Soo. Proc.,' A, vol. 96, p. 429 (1920). 

Conclusions. 

1. Susceptibility measured in the Direction of Compressive Stress.— Rook 
specimens, in the form of short bars, have been subjected to compressive 
stress whose direction coincides with the length of the bar, the maximum 
value of the stress varying from 900 to 1250 kgrm. per square centimetre, 
except in one or two cases when the specimen gave way under the 
pressure. It is found that in certain varieties of magnetite in which the 
susceptibility reaches a pronounced maximum value, the diminution of 
susceptibility with increase of pressure may be of the order 50 per cent, 
under magnetic forces in the neighbourhood of, and including, those at which 
the maximum susceptibility occurs. The gradient is less under magnetic 
forces whose values are either very much larger or smaller than the above. 
The retained magnetic induction and coercive-force are also reduced by 
pressure. In the case of rock specimens whose maximum susceptibility is not 

^ * Eoy. Soc. Proc.,' A, vol. 98, p. 274 (1920). 
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pronounced the gradient is less, and in extreme cases is practically non- 
existent. 

2, Susceptibility measured at Bight Angles to the Direction of the Compressive 
Force. — Eock specimens whose normal susceptibility varies from 1*6 to 
0*0016 have been tested at pressures varying from 250 to 390 kgrm. 
per square centimetre. In all cases in which a variation has occurred it 
has been to slightly increase susceptibility with increase in pressure. 
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1. General Structure of the Films. 

In this and a following paper, an account will be given of work done in 
continuation of the experiments on thin films of palmitic acid, described in 
Part I of this investigation (1), and, in particular, of the results obtained by 
extending the range of substances composing the films, and the range of 
temperature over which the experiments were made. As was there pointed 
out, the study of these films is a peculiarly attractive one, owing to the 
extremely simple manner in which the molecules are arranged; the films 



